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VALLES M A R I N E R I S ,  MARS: AN OPTIMUM SCIENCE-SAMPLE S I T E ;  B.K. 
L u c c h i t t a ,  U.S. Geologica l  Survey, F l a g s t a f f ,  Ar iz .  86001 
The V a l l e s  M a r i n e r i s  t roughs  o f f e r  a unique sampl ing o p p o r t u n i t y  
because t h e y  expose a t h i c k n e s s  o f  upper c r u s t a l  rocks  as g r e a t  ds 7 km. 
Also, because o f  t h e i r  l ong  and v a r i e d  h i s t o r y ,  t h e  t roughs  g i v e  i n s i g h t s  
i n t o  a number of processes t h a t  d r e  c r i t i c a l  t o  d e c i p h e r i n g  t h e  h i s t o r y  o f  
Mars. 
I d e a l  sample s i t e s  on Mars would y i e l d  i n f o r m a t i o n  on rocks i n  c l o s e  
p r o x i m i t y  hav ing  a range o f  ages and composi t ions.  The V a l l e s  Mdr ine r iS  
f u l f i l l  t hese  requirements.  Very o l d  u n i t s  o f  Noachian age (1 )  a r e  exposed 
i n  t h e  lower  w a l l s  t h a t  would g i v e  us d a t d  on composi t ions dnd ages o f  
rocks t h a t  d r e  deep below t h e  sur face a t  most o t h e r  places. The most 
commonly accepted hypo thes i s  i s  t h a t  t hese  rocks d r e  l u n d r  h i  gh lands- type 
b r e c c i a  ( 2 ) .  The l d n d s l i d e s  o f  t h e  V a l l e s  M a r i n e r i s ,  a lso,  f u r n i s h  
e x c e l l e n t  s i t e s  t o  sample these  d n c i e n t  rocks,  because t h e  s l i d e s  f e l l  f rom 
t r o u g h  w a l l s  and t h u s  i n c o r p o r a t e d  w a l l  rock. A d d i t i o n a l l y ,  most I d n d s l i d e  
m a t e r i a l s  c o n t a i n  some cap rock o f  t h e  p la teau ,  t hus  o f f e r i n g  an 
o p p o r t u n i t y  t o  sample m a t e r i a l  of i n t e r m e d i a t e  age ( E a r l y  Hesper ian) (1). 
The cap rock  i s  commonly i n t e r p r e t e d  as f l o o d  b a s a l t s  ( 3 ) ,  b u t  o t h e r  
cornposi t ions cannot be excluded. Younger in termedidte-age rocks ( L a t e  
Hesper ian) (1) form p d r t  o f  t h e  l aye red  i n t e r i o r  deposi ts .  T h e i r  o r i g i n  i s  
u n c e r t a i n ;  t h e y  have been considered t o  be v o l c a n i c  f lows,  f l u v i a l '  d e p o s i t s  
(4 )  o r  wind d r i f t s  t rapped  i n  i ce -cove red  lakes ( 5 ) .  
rocks would i l l u m i n a t e  an impor tan t  segment o f  M a r t i a n  m i d - h i s t o r y  and shed 
l i g h t  n o t  o n l y  on t h e  composi t ion o f  t h e s e  m a t e r i a l s  b u t  a l s o  on t h e  
processes t h a t  operated a t  t h a t  t ime. 
f l o o r s ,  r e s t i n g  unconforrnably on a1 1 o t h e r  u n i t s  dnd reach ing  th i cknesses  
o f  as much as 3,000 m i n  western Cdndor Chasma (6).  These rocks d r e  young, 
o f  L a t e  Amazonidn dge, and a r e  most l i k e l y  o f  v o l c a n i c  o r i g i n .  They a r e  
l o c a l l y  composed o f  ve ry  dark m a t e r i a l s  t h a t  a r e  e a s i l y  reworked by t h e  
wind and may have come from young v o l c a n i c  vents ( 7 ) .  
d e p o s i t s  a r e  of v a r i e d  a lbedo and rugged, and t h e y  may be composed o f  
v o l c a n i c  rock o f  unknown composi t ion.  Sampl 1 ng these  rocks and o b t a i  n i  ng 
t h e i r  p r e c i s e  composi t ions and ages would be an i m p o r t a n t  c o n t r i b u t i o n  t o  
u n r a v e l i n g  t h e  thermal  e v o l u t i o n  o f  Mars. 
Samples f rom t h e  V a l l e s  M a r i n e r i s  would a l s o  g i v e  i n s i g h t s  i n t o  a 
number o f  M a r t i a n  processes. The e f f e c t s  o f  t ec ton i sm c o u l d  be assessed by 
sampl ing m a t e r i a l s  on bo th  s ides  o f  young f a u l t s  t h a t  c u t  t h e  t r o u g h  
f l o o r s .  Mass-wasting processes r e s u l t e d  i n  t d l u s  s lopes dnd I d n d s l i d e s .  
Whether t h e  l a n d s l i d e s  were wet o r  d r y  i s  n o t  e n t i r e l y  reso lved ;  t h i s  
ques t i on  cou ld  be addressed by sampl ing t h e  m a t r i x  o f  l a n d s l i d e  deposi ts .  
Furthermore, a l d r g e  channel appears t o  have emerged f rom one o f  t h e  s l i d e s  
and CduSed a CatdStrophiC f l o o d  (8); sampl ing o f  t h e  c h a n n e l - f l o o r  m d t e r i a l  
m igh t  c o n f i r m  t h i s  o r i g i n .  The composi t ion o f  t h e  channel m a t e r i a l  may 
a l s o  e s t a b l i s h  whether i c e  was i n v o l v e d  i n  t h e  f l ood ing .  Water o r  i c e  i n  
t h e  channel must have come f rom t h e  t r o u g h  w a l l s ,  dnd t h e  d i s c o v e r y  t h a t  
e i t h e r  was present  would c o n f i r m  t h e  e x i s t e n c e  o f  t h e  h y p o t h e t i c a l  ground- 
i c e  r e s e r v o i r  on Mars. 
Wind d e p o s i t s  a r e  abundant on t h e  channel f l o o r s .  Dark barchan dunes 
c o n s i s t  o f  reworked ddrk m a t e r i a l  t h d t  appears t o  have come f rom v o l c a n i c  
vents  i n  t h e  t roughs ;  samples o f  t h i s  m a t e r i a l  would g i v e  composi t ions and 
Sdmples o f  t h e s e  
A second s u i t e  o f  i n t e r i o r  depos i t s  occurs on t h e  V a l l e s  M a r i n e r i s  
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ages, and thus  t h e y  might  c o n f i r m  t h e  e x i s t e n c e  o f  such vents. 
E s t a b l i s h i n g  g r a i n  s i z e s  of t h e  dune m a t e r i a l  would a l s o  shed l i g h t .  on t h e  
mechanism of emplacement and, by analogy, on t h e  o r i g i n  o f  many s i m i l a r  
dunes elsewhere on Mars, p a r t i c u l a r l y  t hose  t r a p p e d  i n s i d e  c r a t e r s .  L i g h t -  
co lo red ,  redd ish  dust  from atmospher ic f a l l o u t  i s  a l s o  abundant i n  t h e  
t roughs  and m igh t  be sampled t o  o b t a i n  i t s  composi t ion,  t h u s  r e s o l v i n g  t h e  
con t rove rsy  o f  whether dust -s torm m a t e r i a l  i s  composed o f  s m e c t i t e  c l a y  ( 9 )  
o r  p a l a g o n i t e  (10).  
O v e r a l l ,  t h e  V a l l e s  M a r i n e r i s  o f f e r  an o p p o r t u n i t y  t o  sample rocks  
t h d t  r e f l e c t  v a r i o u s  ages dnd composi t ions,  g i v i n g  i n s i g h t  i n t o  i m p o r t a n t  
processes on Mars. Most of t h e  samples would be l o c a t e d  w i t h i n  reasonable 
p r o x i m i t y  and c o u l d  be e a s i l y  reached by rove rs  o r  ba l loons.  A l though 
l a n d i n g  a spacec ra f t  on t h e  f l o o r  o f  t h e  V a l l e s  M a r i n e r i s  may be t o o  
dangerous f o r  t h e  f i r s t  sample-return m i s s i o n  t o  Mars, t h e  s c i e n t i f i c  
rewards would be so g r e a t  t h a t  such a l a n d i n g  should be considered f o r  
1 a t e r  f 1 i ghts. 
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